The goal of this effort is to develop and validate an algorithm to provide high-resolution estimates of the sea surface in the area around a fixed sensor system. The purpose of this development effort is to improve environmental situational awareness for open-ocean Naval operations.
Report Documentation Page
Form Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number. Our estimation algorithm consists of a gradient-based minimization scheme to accomplish a leastsquares fit of the estimated sea surface to the data. The gradient is computed by solving the continuous adjoint equations, which are derived within a variational framework. We solve the associated adjoint evolution equations and iteratively estimate initial conditions, boundary source terms, and mean surface currents using the computed gradient.
WORK COMPLETED
We have derived, implemented, and validated the implementation of an estimation algorithm as described above. We also applied the algorithm to observation data from the FLIP and Sproul 2010 HiRes experiments. Specifically, this consisted of:
• Parallelization and optimization of the original Vortwave model, including:
o Implementation of a "damping region" to allow waves to propagate out of the domain regardless of the periodic boundary conditions. o Implementation of a wavemaker inside the damping region to bring "fresh" waves into the domain.
• Development and implementation of an algorithm to generate a solution from the Vortwave model that is a best-fit to sea-surface observation data, including o Derivation and parallel implementation of the adjoint equations. o Implementation of an assimilation algorithm that combines the forward model and adjoint model to estimate initial conditions, boundary source terms, and mean surface current that provide a best-fit to observation data o Derivation and implementation of a scheme to produce an initial estimate of the mean surface current solely from data.
• Validation of the algorithm implementation using synthetic data.
• Application of the algorithm to FLIP and Sproul 2010 HiRes experimental data from SIO, as well as analysis of the results.
RESULTS
Here we focus on results obtained using data collected during the HiRes Departmental Research Initiative provided by Eric Terrill from Scripps Institution of Oceanography (SIO). We were given data from the FLIP and Sproul 2010 HiRes data collections; the data are from a WaMoS marine radar system and have been band-pass filtered around the linear dispersion surface. The data span 2.5 hours, beginning at 2330 GMT on 07 June 2010, and are from a domain off the coast of northern CA with approximately 2 km x 2 km spatial extent at 7.5 m spatial resolution and 1.52 s temporal resolution. The FLIP and Sproul upwind and downwind domains are shown in Figure 1 . SIO also provided HF radar surface-current data for the month of June 2010 (presumably) from the NOAA operational HF radar system. These measurements were given hourly at 16 points located near the FLIP and Sproul domains. Since we ran our assimilation on the upwind data at the beginning of the time history (06/07/2010 at 2330), we averaged the nearest hourly current measurements and plot this field in Figure 2 with the upwind domains. The maximum surface current was 55 cm/s. To produce mean surface-current values for the FLIP and Sproul upwind domains, we averaged the four closest vectors for the FLIP and the five closest vectors for the Sproul. We used 97 s of data from the FLIP upwind domain sea-surface data to estimate the sea surface at 0.05 s temporal resolution (the Vortwave time step) and 1.23 m spatial resolution for 97 s on the same spatial domain. The mean error for the entire resulting sea-surface time history is 0.0011 m and the RMS error is 0.21 m (comparable to about 11% of the energy in the observed wave field). Some results of the assimilation are shown in Figures 3 and 4. A comparison of the surface-current estimates and the HF radar data is shown in Figure 3 . The initial guess is based on fitting the 3D spectrum of the data to the linear dispersion surface. The difference in magnitude between the initial guess (based solely on the data) and the HF radar data was 21.34 cm/s, while for the final estimate it was 9.10 cm/s. The difference in direction was 15.23 deg for the initial guess and 26.25 deg for the final estimate. It should be noted, however, that our final surface-current estimate correctly predicts the energy spectrum, whereas the observed current does not. This will be a subject of future investigation. Figure  4 presents the sea-surface data, the predicted sea surface from the Vortwave model, and the residual (i.e. the difference between the predictions and observations). The sea surface appears to be a good match, but residual wave fields appear to have high-frequency wavelike structure. This indicates that either there are high-frequency wave components in our estimate that do not appear in the data, or there are high-frequency wave components in the data that do not appear in our estimate. This will also be the subject of future investigations and ground-truth comparisons. 
